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Introduction

The insignificent amount of energy expended in electronic tubes, in con-
trolling the electroric current from the cathode to the plate with the aid of
a control grid, bas made it expedient to use slectronic tubes for measvrement
purposes, particularly for mcasuring exrtremely weak surrents. Not oaly tTre-
cial typee of electrumetric tubes, but also certain ordinary electroni: tubes
in masy production, are used in radio englneering. They are successfully com-
poeting with the most sensitire galvanometers and with various types of electrom-
stors, and are simplifying the techniques of making measuremsnts and handling
the correspondirg etectrametric apparatus. ' -

Following initial attempts to construct semsitive electromstric circults
from ordinary triodes and the most complex n.ltigrid tubes, speciel electro-
.metric tubes vere developed. Further developments of vacuum tube elactrom- 4
oters is taking place along two lines. Side by side with the design of ins”
ocreasingly perfected electrametric tubes, we see numerocus sxamples of the
application of ordipary olectronlo tubes in speoial slootrometric circuits
and owrresponding systems. Therefore, in the present survey we shall exam-
oy ine tby comstruction and paramesters of special type electromstric tubes whick
v have appeared in the last 10 to 15 years. WYs shall also scan briefly the ap-
plication, for electrometric purposes, of varicus types of electronlc tubes
in mass production, '

The basic requirements for olectronic tubes to be uged in electrometric
oircuits are: minimum value o grid current detecting the amalleat quantities
of current practicable for measuring with the ald of such tuhes, and stability
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of tube operation. The First. requirement Acrermines the.sslection of the con-
gtruction and opera*ing conditions of tie bube, The fulfiliment of the second
requirement 1s also dependent upon the tube circult. Therefore, before dis-
cugsing the characteristics of existing types of electromstric tubes, it is
advieable tc examine in detail the poesibility of reducing grid cuxrent as -
mich as possible in present -day electronic tubes, and to examine the question
‘of the operating stability of the tubes in the circult.

A, Grié Currants -~ Clnasifica.tlonsL Causes, and Methods for Lowaring

Hereafter, in referring to the comtrol 3p1d and grirl currents, we shall
have in mind the ¢controlling electrode in the very gensral case apd currents
in its c¢ircult with negetive potential on the electrode., TFor exampls,. triodeuy
are ussd very frequently in electrometric c¢ircuits included in so-célled in-
verted triode systems, where the grid, which is located closer to the cathode,
plays the role of & plate or collsctor of electron~ and the plate of the tube
is the contyolling electrode. BSince, for positive or small pegative (up to
=1.5'v) voltages on the tontrolling electrode, an appreciable part of the
@leétron current emitted by the cathode falls imto it, this tube operating
cohdition 1 not of interest from the viewpolnt of applicability to electrom-
etry. We shall limit ourselves to an exsmipation of cases with sufficient.y
large negative blas on the control electrdde.

Among the electrcna emitted by the cathode, there will always. be found
- gemo which possess sufflcient emiesion velocity to overcoms the effective
negative potentlial of the centrol grid. Their number decredses &s the
negative potential on ths grid increases, and at the same time the grid
current falls axponentially.

In practice, however, thig elactron compoment of the grid current is
partially compensated for by its other compoments which are usually preaent
Yith a certain bias on the control grid, called "the free-grid potantial,"
the grid current curve (Iﬁz, Figure 1) passes through the 7sro value, and
with sufficiently large negative bias a grid current in the reverse direction
1s obgerved. The mature of this @rid current proves to be much more complicated
than meems apparent at first glance.

In any electrc— ¢ tube the grid ourrent is made up of the following com-
ponents:

1. Grid electrom current created us a repult of the initial emigsion
velocity of the electrons from tas cathole aurface.

2, COrid i{onlza%ion cur.ent, 1.e., a current of positiva lom: formed
when the electrons collide with the atoms and molecules of ths raszliual gas
in tho tubs.

3. The current leading along the insulation between the control grid
and remaining electrodes in the tnbe.

4, Rlectron emiselon cwrrent fram the sril which results when the grid
heaty to a temperature at which this current becomes noticeable, As a rule,
this current is observed oniy in tubes with heater-type oxide cathodes in
which the grid, after being heated up c-uelderably, is found to be activatea
due to the accumulation on it of e large amount of active material frcm the
cathode,

Beside thim, in special tubes with small grid currents, it 1ie posaidle
to observe other causes of grrid current formatiom:
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1. TFhotoelectrlc emission current frow the: arid prodused by 1a) ligﬁt
emsnation from the cathode, {(h) iliuminatfon of the tube electrodes fv'om
-without, (¢) soft X-ray rediation emerging from ~rithin" the tube

T

2. Ionization emssion _current f‘rom thc cathode .

) Wegx;ll examine sepamtelv the wmerated Lompone ita of grid current
and the pdssibility of decraaeing tnem

The grid electron current (Ige) in the cage of trlodes, as 1is lmovn, is
expressed by the equaticn:

Tgo zm o I, exp( ) for U‘é(o, A1)

where Ig 18 the cathode emisa;un, misgad meﬂsionlesa multiplier dependent
on the geometric dimensions of the electrodes, and, ahove all, »n the amount ' : -
the grid 1s filled up with its turhs, {.e., on the relationship between the = - ) N g
diemeter of the wire forming the grid and the pitch of its winding, Beside
sebilile, the quantity m depends, as experiment shows; or the plate.voltage; .
namely, it drops with an increase ir plate voltage and is completely independent S
oO-f grid potential. Ti denotes the cathods temperaturs, s is the slectron N
A oha.rge, k -- Boltzmann's constent, and Ug -- the potuntial of the control )
] . s SR
pmlnia eqmtion holﬂs true, ©f course, only vith negative va.luea for U¥ -
%* lﬂ enting the nogative bilas U, applisd to the grid, with a correspondir
' correction for the contact diffe¥ence of potential Uy between the cathode and
' the comntrol a'sd, and for the value of the minimum potential Uy formed by the
electron space charge beiween the cathode and the grid. Conseguently, the
following relationship must take place:

N - .
. w—e o UE 2 Ug Uy +Tn <0, (2)

. where U, represents the difference in the emission work of the surfaces of
-, o 'Bthe catfode and grid.

Ae can be seen fram (1), the lower ths cathcie temperature, the higher
is the rate of decresse of the current witk an increase of the negative bdlas
”‘,. on the £id. Fram thie viewpoint it 1s sfficacious to use cathodes which
) operate at lower temperatures, tc decresse the grid electron current.
g B Therefore, in the firat types of electromet—ic tubes we find cathodss of
thoriated tungsten, used at the present time in most types of theee tubes.
\ But cxide cathodes have an opnra.ting temperature only half as large (800 -
900°K in place of 1700 - 1850°K for thoriated cathodes) and have beewn
. ...u;ued. recently in a series of speclal electrometric tubeas, despite the .. ..
i danger- of photoelectric effect caused by an accumulation of active materisl
on the grid from the cathode.

'

au  The ionization currents (I 1) ariging, due to the ionization of the resid-

val . gases, can be considerably reduced by using eufficient active absorbents

in the tuber - getters such as magnssium and barium. Iu most cases only
.magnesium ic used 1n the special electrcmetric tubes, since barium can easily

cauae photoslectric effect in the control zrid, or leakige along the insula-
.‘tion of the lstter due to ite accumulation on the insulatore.

S o Novertheloss, the basic method, not caly for lowering but slso for '
. practically camplete eliminaticn of lonic current, is to operate the tubes
with voltages on all electrodes not exceeding the ionization potentials of
the majority of the residual gmses in the cubes; i.e., first sed foremost,
the componert parte of the atmosphere (02, 8o, and Ar) and aft-s this, gases
e 3iven off hy the tube parte (CO, COp, H,0, K, and sometimes ~vtaln hyiro-
carbons). Therefore, in the mJorit.y the capes the plate voltage in
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eloctrometric tubss doss nuh exsesd & - 17 - The gusranise of sufficiently
' good parameters is attainad by the genzral usage of "double grid" tubes ae
eloctrometric tubes, 1.o . tube: with a firat antlapace-charge or catrods grid
which is under a&. amdll postiive potennial 4 -~ 6 i, and with 3 second control
grid. In the case of triode spplications, they ava more fraguently used ase [
inverted triodes, i e., a positive woltage 1s applied to the grid and the.
plate serves as the control. elevtrods. " As exramples of double-grid and in-
veorted triodes v’e'maf_;% rake, respectizely, one of -the first ele~tromstric
tubes of Hausser /1/ .nx Type A 15k RCA tube - Sometimes, 4z ¢an be seen fram
the Philipa Type 4OBD. tube, the plate and control els:itrode are arranged ir
the form of two sheets on either gide of the cathode, the z0-¢alled "platdos,”
27, at different distame¢e~ ’-~ntrol electrode tloser .to:the.cathode than the
plate). Ip all of the onumeratad designe 1t 18 possible to obiain the nec-
essary paremeters with plate voltages of the order of & .- 6 x, end in any

" came not higher than 8 - 10 v .

As numerous experiments shcw, lonic grld curreats are proportional to
the value of plate curremt =nd pressure of the reaidual gases Ixu the tibe

Keverthelsas, in most cases in which tubes are utilized ia alectro-
motric ¢ircuits, the currents produced by the ionization of the gas avre
practically abgent,; and the inalgnifl:zant loniy current produced in certain
cagos owee 1ts origin, as we shall see below, to em’selon of positive iomne by
the cathode. s .
. The grid leakage currents il g ), 1.e., the guslity o? lts ingulation
with respect to the other electrodes, can be broughi to pract’2ally any de-
sired valuo by various means. In essence, minlmum values sre determined by
the wuibe dimenrions and the voltagee applied.

In gpecial electrometric tubes, as a rule, tke control grid la braced
inaside the tube on special insulators, glass or quertz, and the control grid
lead is usually through a dome on the glass emvelope. Apart from the leaknge
currents along the intermal tubs leads, leakage aleo takea place along *he
glase envelope and along ite outside surface. In order to de:rease the loakoge
alonz the glass envelope Ln certaln tubes, as for example 1n tubee Type
D96LTS (Western Electric) E, a long glass tube of amall diameter ils weldsd
on the envelope dome through which passes the control grid lead. To avold tho
accumulation of wmetalliec conducting deposit on the %nside vall ol the tube, ‘
1ts lower opening is covered by s amall metalilc disk. The ingulators on
which the control grid is sappo=ted can be eith~r.in the form of straight
rods, or bent for the purpose of lengtbening “hv lsakage vath.

Yor protecting the insulators from an accamulation of metallic deposit,
glaes hoods will serve, or else special petticoat insulators are used, Some-
times the metallic holders wkich support the insulators are provided vith
geparate leads on wkich potentials ire applied, when the tube is placed in a
circalt, equal to the average operating potential of tne comtrol grid, which
mekes it poseible to reduce conoiderebly the leakage along the insulater in-
aenmeh as both of its ends are found practisally uoder the saae pcteniisl.

. :Due to thm abcrs miagures, tke only basic lemirage which remaine is that
along the outer surface of the envelope. To yeduce this leakage it is recom-
menled that the tubs bulb be carefully washed with clean alcohol and then
dried by heating in a desiccator. Besldes thta, the ineulation propesrties of
the suvelqpe surface cam e significantly improved by covering it vith a
thin layer of paraffin. Recently, various organic silicste compounds, applied
in thin layers to the envelope, have beon used for the same purpose /5, G/.
These protective coatings, preventing the glass surface from abgorbiug moisture
which wouM greatly lover its insulation strength, aro particularly neces-

L]
sAYyin 7ages where ordinary electronic tube types are used as electromstric
tubes.
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: Beaide this, to decreasé the. leakage along the Envelope it 1s adviasble
to put on 1t a protective metallls ring in the form, for sxample, of & glued .
band of tin-foil or a lar~> of aquadsg {gréphite). A metallic glass base
which is used on some tubes can also serve the purpose. The protectivs rings,
or glass bases, are either grounded or elss a potential is applieu to them ’

~whick is equal to the a.Vemge operating potential of the control gri.t {Figure 2).

Thamioni\, emia‘eion of the grid (1) in Speulﬂ.]. types cf electzome»r.u

tubes is practizally always absent for Two basic reascns: first, economiz,
© direct-heated cathodes are used for the moat part, {.e., tbhoriated tungsten

or oxides; and second, the operating temperature of the cathode 1s elways
gelocted as low as possible, 1.e.,.of the order 650 - 700°K for-oxide - .
cathodes and 1,650 - 1,7909%K for -thorlated tungsten. Beside this, the grid
which L& located nearest to the cathode usually pleys the role of the anti-
space-charge grid or, in the cese of the ituverted triode, the roie of an
apode while the second grid or the plate is the comtrol elsctrode . This re-
sults in its “emperatures alwaye being sufficiently low and, even iz the caso
of tubesg with heater-type oxide ~athodes, thermicnins emission from the ¢o2ntrol
grid le practically nonexisient. .

The four basic compcnents examined "cy us give the usual picture of grid
currente ag shovn in Figare 1. In the case of special eledtrawetric tubes,
or in using ordinary tubes in electrometri: systems, ionic currsnt ard therm-

"ionic emiselon of the grid, as was shdwn above, are aheent and the grid cur-
ronts usudlly are ccmpésed ouly of electron cufreni and leakige current
(Flgqure 3). With theis conlitlons, other veaker components indicated abore
began to play a elgnificant role.

Photoelestronic emission frow the grid under the influence of cathode
rediation is almost completely excluded, since in ths case of the cride tath-
ods, vhere the activity of the grid surface can be sufficiently high, the
wvave length of the cathode radiation lies beyond the limits of the reld towxnd-
ary of photoel:. .ric effect. In the case of thoriated tungsten, the activity
of the grid’¢c always sufficiently low.

In order to eliminate phoioelectric effect from grids under the lafluence
of externmal light, it is adviaable tu insert the electrometric tubes in light-
tight covérs. In ‘ke case of tubes with oxide cathodse the photoelestric
effect of tne grid, as well as 1ivs thermionic emission; 1a considerably
weakened by covering the grids witk a layer of carbon (carbon blsck or
frephitl) .

Finally, photoelsctronic emissioa from the grid can also be produced by
goft X-ray radiation originating in the tube itself. It mey be substantial
not only at plate voltages of the order cf 30 - 30 volts but also voltages
of the order of only 10 - 12 - 15 volts, ix which cage ultra-soft X-ray
rsdiation ic eca 'otoly adequste to create pnotosurremts comparable with other
componente of grid current. This explains the sharp rise of grid curr.at
with piate Toltagos in sxcess of 8 v (Figure 4) price to icnization of the
residual gases. Apert from other reasoms, this circumstance also coumpels us
to limit piate 7oltages in electrometric circuits to wvalues of the order of
6 -8v,

Tonic emisaion from the cathode le possible for cathodes of varlous
types. Since, in the case of pure nr tho.jated tungsten, it is produced for
tho most part by volatile impurities in the metal, 1t therefore decreases
sharply with tiae. With a satisfactory processing of the cathode it is en-
tirely abaént. In the case of cxide cathodes it takes place continuously
due to the uninterrupted electrolyeis of the oxide layer occuxring under the
influence of the emission currsnt with a separation of oxyger iona. Thile
effsct 1s also cansed oy vaporization from the cathode surface of both
metallic bariwvia end its oxides accompanied by partial lonization

5
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The ionic emigelon currentes from the t<thods may.be ineignifizant dae
to the selectlion of a catbode with 8 low curveut estimated at a few tena of
rilcroamperes and ude of low plate voltages wnlch produ:e a gradient on the
oxide layer portion of the fi lam.at insufficient for electrolytl: dissociatlon
of the warium oxide. Another factor is ths low :athode temperstarse vhick )
1imits the prccess of vaporizatlon of ita oxide layer. Beside this, bocause
of the applicetion of a pleitive potential on the grid :losest to the cathode,
the positive lons flying out of the sathode for the most part return to the
cathode, whichk provente them froe felling on the control elecirods )

Finally, in the case vwhere sloctrometric tubes are uged as tke firat
smplification stage for Gelger -Mueller counters, the posaibllity should be
pointed out of the counter’s operation being affected by the influenze of
rodic-active radistion of the thopium present in the tube in the case of &
thoriated tungeten catkode. In thig respec*, the oxide cathode hss ar ad-
vantage orer thé thoristeéd cathods. The sbgence of direst irndlcatioms, in
publicatione; of =.similsr effect is explaired apparemtly by the remartably
emall inteneity of this radistion and practical impossibility of discerning

{ts: influsnos ‘0 the operatisn of the counter from the irifluence of fiumerous
other facturs i;a}hsad by the so-cailed backgrournd of the counter.

"B, Basl¢ Types of Electrometric Tubes

In comneation with tie wide application of tube-type elestiometric
‘cireuite vhie_g spamittﬁ the meagvrement of remarkably small currents down to
values ¢f 1017 to 107! amps, and t. lwoect even weaker currents, & signifi-
cant mumber of epecisl electrametric tubes were developed in recent years
which satisfied the very diverse comditions for thelr applica.ion.

With yespect to their construction, all these tubes can be divided into
three groups: tetrodes of the dowble-grid type, i.e., with a pooitiio
-cathode grid; triodes operating on the imverteil triode schems, 1.e., with a
woil-insulated plate; and triodes of the "plation" type, 1.¢., with two
plates located on either slde of the catkode. Tke first group of tubse were
mest widely utilized, and apart from ordinary tetrodes there began recently
the applicatinn of epecialily developed twin tetrodes [B, 7, 87 ueed in &
br.anoed circuit nd permitting the attaimment, as w2 shall poe im gection
C, of extremely higk stabllity of cperation of the electrometric cirevita
wivh geoat censltivity.

The basic construction date of the main tjpes of elactrametric tubes are
1isted in Tab.e 1. The parawsters for tetrodes and triodes are given !n Tables
2 asA 3. Apart from the normal conditions recommended for the separate tube
typee; Table 4 shows exanples of syecial comditions with greatly lowered
opsrating voltages and cathode tempexmatures, permitting a considersble docreaze
of %he limiting velzes of currents accessible for meagurement .
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Table 1. Basic Construction for Electrometric Tﬁbgs .

Firm

Current or
{Amps) Country Notes
10712, Enasser L 1_-_&]
-13 E ’
10 ARG [io, W7
-+ Onram : _
.10'11‘ Con Z__l'O, 137
1071k simtlar to
Eausser_tube
[To, 147
1073 pmilips, 47
! Mallard
215
1C Weetern [h/
Electric
10735 & 17
Mazda
B 10719 Westing-
house
10-2 "
10712 n [i37
1073 Rea 27
lO"lh Victorin L’§_7
5,173 Ragtneon
1713 wssk  [io7
10-1!& "
10713 »
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Table 2, Basic Parameters of Rlsotrometric Tubee (Tetrodes)

Y, U g I 8 . [ R Eeight
Type (gf (-n; rv’» ~ o ¥ Gme) (mu a/v) ~(a§82'. _Z!_ (‘ﬁ) ISﬁ') X e:m
Hausser ' §
tube 3 -- 8 8 -4 300 300 10732 - - .- ~170
T 113 3 100 10 10 -3 -- 180 1c°13 2.5 - - 13,800 =
. T 11k 2 90 6 b -h - 55 1071 1.0 -- 18,000 -
- T 115 2.8 500 12 12 -3 - 200 10 2.5 S 12,500 -
mhm’)b 1.0 270 2 ;: -3 - o 10-2 - ~- . -- 155
“.5 90 3 -b 40 2 .10° 1 ~ .
bzt 5 5 : 6 40,000 160
X 1.25 10 b5 b5 -3 <250 20 55,1075 3 - 50,000 - ~ k0
) i ) cH2 3 110 10 [ -5 500 300 10-15 4.5 ~3 15,000 150
kY 3 110 10 6 -4 300 55  <o-ih 1.65 ~3 30, 000 160
j g: o 2 80 10 6 -4 300 55 10713 1.65 ~2.5 " : 30,000 80
[ =3 '
. P
. |- ——f Table 3. Basic Parameters of Elscirometric Triodss
E ,
i I Y, 1) Ta 8 I c R Height
[ Type o T S o e G a) T oh) Tompey L4 ) T
|- AL54A 1-~1.25 .17 -195 k.75 -6 3560 50 - 60 2,1071% . - - 120
4050 0.56 1,100 '3 -4.5 50 20 2,10715 05 - 1.0 -~ . 30,000 12
THS05 2,0 250 6 -3 300 75 10715 1.0 3 7,500 150
RE506 2.5 250~ 6 -3 koo 90 10712 . 0.8 . " 8,9¢0 127
N FHSOT 2.0 60- 6 -3 200 60 2.10712 0.8 N 13,000 17
> CE570 AX  0.625 20- 12 -3 220 125 <5.10">2 1.8 - 6,000 ~ ko
. - 8-

- Sanitized Copy Approved for Release 2011/07/07 : CIA-RDP80—00809A600600246875-47

CIA-RDP80-00809A000600240875-4

Diamnter
< Anm

~50

5.
4o

~10
50

30

138038

Dianuster R
(rm

—~ 40
38
o
50
L0
~ 3

- 50x1-HUM R



{ e TV . R R T R P LT SR Y

L

»* Sanitized Copy Approved for Release 201 1/07’/07 : CIA-RDP80-00809A000600240875-4

~

SECRET
SICTE I - 50xX1-HUM

Table 4. Examples of Operating Conditions of Electromerric Tubss Permitting

) ) , : : & Lowerinz of Threshold Currents Accessible for Measurement..
FFP o4 . A1hA
Up (v 2.5 1.2 1.25 1.0
LA GO R 8 6 475 3.2
: U8 cathode grid. (v) 6 "3 - .
Ig control (amps) ' < 5.10-17  2:10717 .- -
- . Ug control (v) ’ <5 -6 -6 -5
Rgy working (.ohmsf 101h y 8 1013" 5 - 1oth v |
S{mafk) . 70 0.05 50.- 60 45

Seneitivity of apparatue 1n‘ the , i
plate circult in ampsfim : ~10-30 10710 picroummeter asale:

T (me) : . - 10 10
a » ‘ e .

Ag can easily be seen from the tablss, the tetrodes make it possible to

attain the highest semsitivity in electrical circuits. Neverthelese, less a
geni;tive_g;,rcuita are mseded very frequently dm the ewrrenturangs fram 10-9 to
' 107%%--10""~ amps. They are cheaper, simpler in upsratlon, and more stable
mschanically while opereting in portabls systems. For thig purpose, it is
voseible to utilize emccecsfully aot only special triodes, but certaip typos
of ordimary tubee in individoal cases. In tke latter cage, it is frequently
nacesgsary to select tubes with tho emallest pogeible lsakmge between elec-
vrodes. :

In connection with the wide usage of 1light portable electrametri: layouts
. and of portable proportiomal meters for various radiation, special type emall-
asized and even subminiature electrcmetric tubes were developed, Apart fram
emall-dimension measuremsnts they possess extremely emall current require-
montg ftr cathode hoating, which allowa tho use of miniaturs batteries for thias
nurpose. Thua, for sxmuple tha subminieture tube Type TX bl /97 requires in
all only 13 millivatts of power for cuthode heating. .The cathode of this
tube -- oxide ‘withawowe of nichrome wire of' 10 micron diameter -. hag a total
filament current of only 10 ma. Despite small dimensicms and comirol grid
lead at the same end of the emvelope ae the other elect.odes, this tube bhas a
grid current of not more than ).0'1 amps which ie accomplished by covering the
. tube envelope mear the leei cutleis with a thin soating of organic ailicate
’ campound. In case the surface ¢f an envelope of this type becames soiled, it
is sufficient to wash 1t with pure elcohol to remove the impuritiee without
diesolving the organic silicate coating. After washing the tube *"ith distilled
wa’cgr, it 18 necessary to heat it in a desiccator at a temperature of around
10G™8.

Finally, it chould be noted that, due to the same ingulating .onditions
for the lead of all elestrotes (or, what 1s sufficient, ot both grids), tube
VX k) cen be used in various hook-ups, &s a1 electramstric tetrcde, inverted
triode, arnd & triode with large and small amplification coeffiziert. The
selection of one or the cther of thewe schemes dépsends on 1ts reo and the
desired range of current moapgurement .
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C. Operating Stsbility of Electrometric Tubss and Means foi Increasing It

) The basic causes o:f poor operating stability of electromatric tube cir- :
: cuits are:

1. ZIrpstability of the circuit elemsnta, 'chiefly‘the resiaﬁors (in partic-
uldr high-ohmic) a.nd rerioue- typse contects and campounde

2, Instablility of the insulation of sepamue circuit e‘.ement.s, irc partic.
ular " the tubesu_ i

3. The presence of eitem'l Anfluences of electric and magnetic flelds;
4. Inatability of the eupply source. . N
5. Enlesion instabdbllity of the 08.1 hodes of the electrometric tubes.

6. Imdeqmte machanical etvrdiness and r;gidi hy of construction of -
differsmt type tubea. . . :

An ezamination of the first four reasoms doe not enter into the problea
of the pregent sirvey and we shall 1lixit ourselves here to brief camments only.
‘. To' gecure stetility for various types of contacts and compounds iu slactro-
" metric circuits, it ig necesmary tc' solder carefully, avoiding both sliding
contacts and ad justable ‘conductors undsr clamps.

The second and third causes of poor operating stability include lack of
care in shielding the electrometric tubes themsélves, or the cirtult elemsnts
from each other, the cleamnnese of the injulating parta of tre circuit, end the
degree of moisture in the alr swrounding them. It is advisable to dry the *
compartment in which the electrometric tubee are placed which serves simul- '
) taneously as an elactromagnetic ehield and protector against the effect of ex-
v . -ternal light. This should be don2 1y piacing calcium chloriae, or better
still, phosphorous pentoxide in the compartment. A series of observations
'" carried cut earlier in commection with the impryrement of the control grid in-
L svlation of the tuba can also be used in designing circults. Quartz, and
T R particularly wmber, serve as excellent materlals in the preparation of insula-
) tors for stremgthening the vital parts of the cirenlt which requirs good in-
sulation and bushings for the tube leads im the compartment.

Table 5. Comparison of Operating Stability of Various Tubes

Mex Deflec-
tion o

Cm& ) "zero"
Require Sensi- (zm of

EN . by Cathode tivity scale in Rature of "Zero"
: Tube Type (ma) (om/v) 30 miu) Oscillations

Kormal TP 54 0 110,000 65 Rapid oscillatione amd .
slow drift

FP 54 with prolonga- v
tion of activation by " .
® timos 90 135,000 16 rapid oscillatione ¢

# . FP S5k with shieldod
cathode ends 85 125,000 3k Slow drift

b
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Tabls 5.  (Cont“ued)
Max Def'lac -
tion of
.Current : "Zero"
Requirsd Senal~ {mm of :
. . by Cathode tivity scale in Nature of "Zero
Tube Type : " (ma) {mm/v) . 30 min) Os¢illations
 FP 5k with oride L :
cathode ) 120, 160,070 13 Bapid oecillations
Double tube with ,
thoriated cathode 90 56,000 11 0scillations and drift
Same, with oxide .
cathodse 120 . Small rapia oscillations

70,050 3

/The: inadequate stabllity of the eupi;ly gourcs, to a significant oxtent, is
compensated for by ueing storage batterles with as large aa poasible reserve
capacity and discharge currenv and ouffiziently long operaticn of the circult

“in the ‘swltched-on'state (Up to 20 - 70 hours) bafore making the meseurements.

Begide: this, the omeillation of the eupply voltege source is well compenuated
for by use of ‘two-tuie balanced circutt. Howsver, balanéing ciréuits do not -
eliminate tho influence of oscillationa in the cathode smisston since these
osciliations are different for the two tubes operating in the circuit.

As was ghown in the thorough imveatiuations of Lafferty and Kingdcn /B7
oscillations in the zers position of the galvanauster in the output circuit
of electromstric layouts can be of two kinds, namely, (2) comparatively rapid
oscilletion of the zero point, and (b) its relatively slow deflection, fre-
quently toward one silde (drift). The baulc reason for this type of operatiung
instablility of the circuit, and especially the drift, 13 the supplemsntary
activation of the cnld ends of the catliode continuing uninterruptedly during
ite time of operation. Increasing the duration of rathode activation, 3 fold,
decroased the drift elgnificantly. The rapid zero oscillation could be
oliminated by shislding the endm ~f the filament » Whereby the plate current
was received only fromitg-well-ectivated hot center sections. Replazing the
thoriated tungaten with an oxide filament eliminates the drift almoet ¢om-
Pletely, but produces .onsiderable rapid zero-cecillation. The resulte of
all theaes experiments are shown in Table 5.

ALl of these oscillationa cannot be eliminated by operating two tudes ia
a balanced circuit, Thersfore, for operating in such circuits, s double elestro-
metric tube conetructlon was proposed (Figure 6) in which the cathode and anti-
space-charge cathode grid were designed along the same lines as in Tube FP 5k,
The twc control grids and two plates which make up the halves of the gride and
plates of this tube are arranged symmetrically on both sides of the cathode.
Although the sensitivity of & balanced circult operating with anch & tube is
desrsased to one fourth of the eensitiviiy of a ome-tube cirsuit with an
ordimary tube Type FP 54 (half -- Cue tb the use of a balansed circult, and
half due to the plate surreat and the steepness of the characterisiic), rever-
thelesa, the operating atability of the circuit vithn euch a tube, as can be
seen from Table 5 is increased considerably. This is explained by the circum-
stance that, due %o the inflivence of the space charge, the oscillatio-s of
the cathode emissior produce similar oscillations in *he plate surrents of
both halves of this tube, which compengate eack other during operation in a
balsnced circult.
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A e'milar tube 1s known as the "FP-Sh-gplit." Tubss analogous to it are °
GL 56Tk, which is like the ordinary FP 5% tube in external appearance, since
only ome of its control grids is well-insulated; and the tubs type DEM 2.
Since in the case of V-phaped filaments of the type in the FP 54 tubs, 1t is
difficult to attain complete symmetry of both halves of the twin-tubg inm the
DBM 2 tube type a straight filament is used f7, 87. Still greater symmetry
18 obtained in the double tubs of the DBM SA type with an oxide heater
cathode . The baeic parametsrs of double electrometric tubes are shown
in Table 6. The operating stability obtained with these tubes in & bhalanced
circalt can be expressed in millivolts with 1 percent change in f1lament
current. This 1s -graphlcally characterized by the following results: the
ordinary type FP 5% tube glves & stability of 50 ~ 100 mv in & simple one- :
tube. circuit, the double FP 54 type tube glves 10 - 20 mv, and the DBM 64 *Hube
type--only 2 - 5mv. In a special circuit, in which the fluctuations in the )
voltage sonrce supplylng the elsectrodes is campensated for, 1t was peasible
to reduce these values for the DBM 6A tube to 0.1 v [27

Table 6. Besic Parameters of Doub_lé Electromstric Tubes

Type

FP Sh.pplit
with oxide
tathode oxide

Y, 5&Th Tr.orlis
ated

IBM 2 Thori-
ated .
¢irect 2, . .3 7.0 Ferranti

Oxlde 13
heater 4. 2% 8§ 6 -3 .3 -- <1C

NOTE: Paramstera given separately for eazh system.

Ineufficient mechanical durarility and rigidity of the construction cf
many oledtrometric tubes leads to the appearance of sn-called microphonic effect
in the casw of portable appavatus or with the presence of vibrations in
stationary ipstallations produced, for exanpis, by motors. To avoid micro-
rhonic effect the “ube panels may be braced on aponge ubber strips acd their
conpectiong imtothe circalt made with Tlexible vonductors. Due to the emall
dimsnsions of the “ubes themselves, as woll as their parts, subminiature and
smll-gize type tubes possess the most duredle and rigld constructicn and are
least ‘subject to vibration which causes microphonic offect, Fer ihis reason
they aré used Il portable apparatus.

Application of Stapdard Megs Production Type Electropic Tubeg ip Flectametric
Circults

In the case of nermal operating conditioms, the ma jority 6of standard re-
ceiver-amplifier tuten bove grid ourremte of tke order of 107° -- 10-7, rarely

]
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10'8 amps. By making them opsrate at lover :nthode temperatures and .lower
po’cgntials on all other electrodes; 1t is poasible to lower these values +0

~- 10-10 amps. Only with speclally selscted specimens of cerisin type
tubes is 1t possible to obtain still lower valuea of grid turremt. The
reagon. for this, in moet cages, 1s that the control grid nearest to the cathode
hag' the best insulation, and seldam 1s there found a tube type suitable for
satiefactory uge in the special sircuits of the elestrome brig te*rode or
inverted triode, In this respect, many types of socketlemg tubes are more sult
able-Tor such operation, for ezemple, the serien of" miniature and submiristurs
tubes’ or "agorn" type tubes. In these types of tubes all the electrodes nave
about, the sams. conditions of imeulation and 1t is eagler tc use them success-
funy inlow-voltage aystems of electrometric ¢ircuity thereby obminiﬁg mith -
smller grid ‘cirrents, reaching 10-12 _. 1o-1 3 and somotimes even.10-1% amps.

N

Thus, the 959 acorn-type tube, which 1s a-direct f1lament pentode, m.serted
‘ ‘in the elreuit shown in Figure 7, can produce in an e cbrometer system of ihe .
: “inverted . triode type grid ourrent o the order of 107° .. 10717 amps ., if, | : )

. _ ' of course, tho tube’ énvelopa 18 covered with a coating of ozozerits or with : e 4

N o an orgenio silicate cc.mpound., snd ths £ilamént 1s heeted by & current of tho X
e ' N ~: . order of 42 ki ma instead of :the normal 50 ma. Table 7 ehows. gome examples

Cof the utilization of masa “rodnction types of elastrouic tubes in eleéctro-
zetric cirouits.. In the cage of ‘the UX 222" pentode typé, the input resist-

. ance of the ord.er of 1014 ‘ohma 18 .explained almost sololy by the positive lom’
current from Lne cathode, and to & emaller extent, ty ilsakage along the insula-
tion: 'The reason for this is the ntilization of the lead c¢cnneciion mads
‘hrough the envelope dome of the tube as the controlling first arid.

Table 7. Operating Conditions for Mass Productior Type of Electronic Tubes in
Flestrometric Circuits

Tube Tgpe UX 222 {tetrode) 959 (pentode)

: Electrameter Elsctrometer
Condtion Rormal . Circuit Normal Circuit

Uy (v) 3.3 1.25 1.20 1.25 -
Iy (amps) 132 -- -- 50 42 . b
Ty (v) 135 1.5 3. 6

Uy (v) 1.5 Control ~ Amplifier -3 Connected to the
with free cathode

grid
Ugp (v) 67.5 12 12.5 67.5 12

D
—
wt
R

3 Tg3 (v) -- -- Copmected Control (Fig 7)
) Vith
cathode

I 3.7 am 0.07Tma 2.6mua 1l.7ms -

Ig codtrol {amps) 410~6 ~10"13 ~10710 -(10"6 10712 . 10713 ..

Ry (ohms) -- 0t 10t - 1083 - 1ot*

4Sonsic1vity of

apparatus ia the )
. Plate circuit R N
- (emps /omm) - 3.10710 10-10 -- 1279 2 10710 . e

. [Appended figures follow.] :
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e > L Figure 1. Grid Current Characteristic end
o, : Its Besi¢ Compcroerts. i
: ) T Al
! . lJaa— )
Figure 2. .Protective Ring Decreas- -
ing the Leakags Along
the Bulb.
- sor/07h . X
Z = _753- )
Jor -
Fyim KDy .
. 9, Y 44 J
: Jﬁ.’t g Jy 353 JJT b F4
£ . ‘. R l v Aag >
O [ Ay - . R0F
{, Aq 4 : ‘L-e. o
" T 5 |
Y U‘fs 2,5V / lS& 1ok
4 H,. =+ 6V f A4¥X 0 - .’j
; \ us‘ =v 4V .‘/*"ﬁ ) l‘“"n‘" 3 e =
. Y & g /eusY
- . ¥ | .
C 2.0
: Figure 3. Grid Current of the Type Fignre 4., Dependence of Grid Cur-
. FP-54 Tube. rent on Plate Voltage.
|
% Figure 5. Wiring Diagrem for an Elsctrametric Tetrode.
2 o)
b)
) i )
R — :
g rytiam '
Loe—iith
Figure 7, Circult for Using .
Figure 6. Principa) Wiring Diagram aand “ Acorn Type 959 )
Consiruction of Eiectrodes of Pentode as an Elec- -
Doable Electrometric Tetrode. . trametric Tube.
’ £ .
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